While the importance of distinguishing between bonding and bridging social capital is now 2 understood, evidence remains sparse on their contextual effects on health. We examined the 3 associations of neighborhood bonding and bridging social capital with depressive mood among 4 older Japanese. A questionnaire survey of all community residents aged 65 and older in the city 5 of Yabu, Hyogo Prefecture, Japan was conducted in July and August 2012. Bonding and 6 bridging social capital were assessed by evaluating individual homogeneous and heterogeneous 7 social networks in relation to age, gender, and socioeconomic status. Individual responses in 8 each neighborhood were aggregated to create an index of neighborhood-level bonding/bridging 9 social capital. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to evaluate 10 the associations of such social capital with depressive mood using multilevel binomial logistic 11 regression analysis. Of the 7,271 questionnaires distributed, 6,416 were analyzed (covering 152 12 administrative neighborhoods). Approximately 56.8% of respondents were women, and the 13 mean age was 76.2 ± 7.1 years. Neighborhood-level bonding social capital was inversely 14 associated with depressive mood (OR=0.84, 95% CI=0.75-0.94), but neighborhood-level 15 bridging social capital was not. Gender-stratified analysis revealed that neighborhood-level 16 bonding social capital was inversely associated with depressive mood in both genders (OR=0.83, 17 95% CI=0.72-0.96 for men; OR=0.85, 95% CI=0.72-0.99 for women), while 18 neighborhood-level bridging social capital was positively associated with depressive mood in 19 women (OR=1.15, 95% CI=1.00-1.34). There was also a significant interaction between 20 individual-and neighborhood-level bonding social capital, indicating that people with a weaker 21 homogeneous network and living in a neighborhood with weaker bonding social capital were 22 more likely to have depressive mood. Our results suggest that neighborhood social capital does 23 not necessarily benefit mental health in old age. These findings might stimulate further 24 discussion on the relationship of bonding and bridging social capital with mental health. 
INTRODUCTION 29
Social capital has been discussed in many academic fields. Putnam (1993) wrote that 30 the term refers to -features of social organization, such as trust, norms and networks that can 31 improve the efficacy of society by facilitating coordinated actions.‖ The association between 32 social capital and health has been examined in a number of papers in the public health arena, 33 particularly in social epidemiology. Social capital has been conceptualized using different 34 approaches (Kawachi, 2006) . In public health research to date, the most common approach is to 35 define it as a contextual resource (social cohesion definition). 36 Because social capital is an umbrella concept, subclassification of its aspects and 37 dimensions may help clarify its effects on health. One approach distinguishes between two main 38 components-bonding and bridging social capital (Putnam, 2000) . Szreter and Woolcock 39 (2004) stated that bonding social capital refers to aspects of -inward-looking‖ social networks 40 that reinforce exclusive identities and group homogeneity in social characteristics; while 41 bridging social capital refers to -outward-looking‖ social networks, which extend across 42 different social and ethnic groups that do not necessarily share similar identities. The 43 importance of differentiating between these types of social capital has recently been understood, 44 and empirical studies have investigated their effects on health. 45 Most previous studies focused on the relationship of individual-level bonding/bridging 46 social capital with health outcomes. Beaudoin (2009) found that stronger bonding and bridging 47
Measurements 159
Bonding/bridging social capital 160 Based on previous studies (Harpham, Grant, & Thomas, 2002; Kawachi, Subramanian, 161 & Kim, 2008; Poortinga, 2012; Szreter & Woolcock, 2004) , Anonymous (2013) developed a 162 system of assessing bonding social capital using two factors and bridging social capital by a 163 single factor. As mentioned in the introduction, we focused on the (dis)similarity of 164 relationships with regard to age, gender, and SES. The items assess bonding and bridging social 165 capital by investigating perceptions of homogeneity and heterogeneity in participant networks. 166 Because perceived network homogeneity and heterogeneity are regarded as the strength of 167 personal networks with others who have similar or dissimilar social characteristics, we assumed 168 that homogeneous and heterogeneous networks were not opposing concepts. The concepts of 169 bonding and bridging social capital were examined with the statements: -Do you agree that in 170 your daily life you have networks with people who have similar social characteristics (age, 171 gender, and SES) to you?‖ and -Do you agree that in your daily life you have networks with 172 people who have dissimilar social characteristics to you?‖ (1=agree, 2=somewhat agree, 173 3=neither, 4=somewhat disagree, 5=disagree). We conducted a preliminary interview 174 investigation on a sample of elderly residents of Yabu to verify the validity and reliability of 175 these items in this study setting. Overall, the subjects had strong understanding of the items, so 176 we used them in the survey. The responses for the two items were relatively normally 177 distributed (Table 1) . 178 Individuals were grouped within administrative neighborhoods. In addition to 179 individual-level social capital, aggregate-level social capital was created in accordance with the 180 neighborhood units by aggregating individual responses in each neighborhood. The proportions 181 of people with a strong homogeneous/heterogeneous network (response categories 1 and 2) in 182 neighborhoods were calculated for neighborhood-level bonding and bridging social capital. 183 
Depressive mood 185
Depressive mood was assessed using the Geriatric Depression Scale (GDS) short-form 186 (Burke, Roccaforte, & Wengel, 1991; Schreiner, Hayakawa, Morimoto, & Kakuma, 2003) , 187 which was developed as a basic screening measure of depressive mood in older adults. 188 Respondents answered dichotomized questions, and the answers were summed up (score range: 189 0-15). Cronbach's alpha was 0.85. A cutoff point of 5/6 was adopted, and a score of ≥6 190 indicated depressive mood (Schreiner et al., 2003 independence. BADL was measured using five items (walking, eating, bathing, dressing, and 199 toileting), and the score range was 0-5. Higher-order competence was measured using the 200 Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC), which consists 201 of a 13-item index (score range: 0-13) (Koyano, Shibata, Nakazato, Haga, & Suyama, 1991 
Statistical analysis 228
To examine the compositional (individual-level) and contextual (neighborhood-level) 229 effects of bonding and bridging social capital on depressive mood, we conceptualized the 230 analysis as a multilevel structure. We fitted the data using a multilevel binomial logistic 231 regression model that included a random intercept to assess the likelihood of a GDS score of ≥6 232 versus a score of ≤5. Full maximum likelihood procedure was the estimation method. We 233 conducted the analysis for the entire sample and by gender. Individual-level covariates, 234
neighborhood-level population size, and neighborhood-level aging rate were adjusted for in all 235 models. Because social capital at the neighborhood level was composed of aggregated 236 11 individual responses, social capital at the individual level may be a confounding factor for the 237 contextual effect of social capital on depressive mood (Oakes, 2004 
RESULTS

246
Of the 7,271 questionnaires distributed, 6,652 were returned (91.5% response rate). 247
After excluding 186 from respondents who did not actually reside in the city or had been 248 admitted to the hospital or lived in nursing facilities, 41 that were completely/almost blank, four 249 with missing neighborhood labels, and five that identified neighborhoods with fewer than three 250 respondents, we analyzed data from 6,416 respondents gathered in 152 neighborhoods with 251 three or more respondents. The mean number of respondents in a neighborhood was 47.6 252 (ranging 3-185). The response rates varied by neighborhood between 67% and 100%, but about 253 90% of the neighborhoods had a response rate of 80% or above. Among the 152 neighborhoods, 254 10 contained less than 10 respondents within the area. 255 Table 1 In gender-stratified analysis (Table 4 for men and Table 5 significant interaction between individual-and neighborhood-level bonding social capital on 296 depressive mood in the entire sample (Model 5 in Table 3 ). In the neighborhood with weak 297 bonding social capital, the predicted probability of depressive mood for those with weak 298 bonding social capital was 50.5% (95% CI=48.2-52.7), while that for those with strong bonding 299 social capital was 32.8% (95% CI=31.4-34.1). In the neighborhood with strong bonding social 300 capital, it was 39.9% (95% CI=32.2-47.6) for those with weak bonding social capital vs. 29.4% 301 (95% CI=26.7-32.0) for those with strong bonding social capital. These indicated that people 302 who had a weaker homogeneous network and lived in a neighborhood with weaker bonding 303 social capital were more likely to have depressive mood. Apart from this interaction, however, 304 no significant interaction between individual-and neighborhood-level social capital was found. This questionnaire-based study of older Japanese had a high response rate and is the 308 first to examine the contextual associations of bonding and bridging social capital with 309 depressive mood in older Japanese. Interestingly, we found that the two forms of social capital 310 had contrasting associations with depressive mood. Overall, neighborhood-level bonding social 311 capital was inversely associated with depressive mood in both genders, while 312 neighborhood-level bridging social capital was positively associated with depressive mood 313 among women. With a rapidly aging population and low population density and fluidity, Yabu 314 14 is a representative rural area in Japan. Generally, rural areas in Japan tend to be more collectivist 315 than urban areas (Yamazaki, 1990) . In rural communities, individuals cooperate with groups 316 because of the presence of a system of formal and informal mutual assurance (or lack of social 317 uncertainty), monitoring and sanctioning derived from the stability of interpersonal and/or 318 inter-organizational relations (Yamagishi et al., 1998; Yamagishi & Yamagishi, 1994 Neighborhood bonding social capital was found to be inversely associated with 327 depressive mood among both men and women. Previous studies also reported or implied a 328 beneficial effect of community bonding social capital on health (Kim et al., 2006; Anonymous, 329 2013; Poortinga, 2012) . According to our definition of bonding social capital, in a neighborhood 330 with stronger bonding social capital there would be dense networks among people with similar 331 social backgrounds, such as networks among elderly adults, men, women, and people in the 332 same area of business. Shared personal characteristics in the neighborhood elicit trust in others 333 as well as social resemblance, which may foster development of a social support system and 334 provide residents with a feeling of security (Kawachi & Berkman, 2000 (e.g., workplace). Therefore, women may feel more stress than men when living in 374 neighborhoods with strong bridging social capital. Another possible explanation for this 375 association is that, in the neighborhood in which the elderly are more likely to report having 376 heterogeneous networks, these networks may have formed an inferior alternative to preferred 377 social networks (e.g., family connections or support) that are unavailable. That is, the elderly are 378 compelled to have heterogeneous networks because of the difficulty obtaining their preferred 379 networks. Therefore, the circumstances of such residential neighborhoods might negatively 380 relate to individual mental health, particularly among women. Putnam (2000) also argued that 381 people in more diverse communities are less likely to trust their neighbors. We in fact found a 382 significant interaction between bridging social capital and general trust at the neighborhood 383 level among women, indicating that women living in the neighborhood who had weaker 384 bridging social capital and higher general trust were less likely to have depressive mood. To 385 further our level of understanding of the association between neighborhood-level bridging social 386 capital and depressive mood, we need to closely investigate the actual condition of social 387 networks in the neighborhood and examine the detailed relationship between bridging social 388 capital (or neighborhood diversity), social trust, and people's mental health. 389
Regarding individual-level social capital, bonding social capital (homogeneous 390 network) was inversely associated with depressive mood. Meanwhile, the association of 391 bridging social capital (heterogeneous network) with depressive mood was different. People 392 17 with a moderately heterogeneous network (indicated by a response of -neither‖) were unlikely 393 to have depressive mood, and this trend of the association remained in the gender-stratified 394 analysis, even though it did not reach statistical significance. Having a heterogeneous network is 395 considered a benefit because people can receive new information and ideas through it 396 (Granovetter, 1973) . Some previous studies support the benefit of having heterogeneous ties on 397 people's mental health (Mitchell & LaGory, 2002; Anonymous, 2013) . However, in a traditional 398 Japanese collectivist community, strong ties within the group tend to prevent connections such 399 as trust from developing beyond group boundaries (Yamagishi et al., 1998) , suggesting that a 400 strong heterogeneous network may not be preferred in such a community. This might offset the 401 beneficial effect of having strong heterogeneous networks. This sense of tension might lead to a 402 situation in which people who have a moderately (i.e., neither strong nor weak) heterogeneous 403 network can live a more peaceful, less stressful life in a community than those with a strongly or 404 weakly heterogeneous network. In a previous study that used the same measurements of 405 bonding and bridging social capital among older adults in a Japanese community (Hatoyama, 406 Saitama Prefecture), a stronger individual heterogeneous network was associated with less risk 407 of depressive mood, while a homogeneous network was not (Anonymous, 2013) . Hatoyama was 408 developed as a commuter town for Tokyo (Anonymous, 2012) . It is a typical suburban area and 409 thus tends to be less collectivist than rural areas in Japan (Yamazaki, 1990) . Therefore, the 410 discrepancy in the associations reported in these two studies might be due to the background 411 characteristics of the settings. Because members of a more collectivist culture provide mutual 412 assurance in committed relations (Yamagishi & Yamagishi, 1994) , older people in such a 413 community (e.g., Yabu) might be reassured when they have a strong homogeneous network. As 414 a previous study reported on the effect of social capital on health varied by area characteristics 415 (i.e., urban and rural) (Meng & Chen, 2014) , our findings also suggest that community 416 characteristics can strongly influence the linkage between social capital and health. 417 There are still few studies on bonding and bridging social capital and depressive mood. 418
18
One earlier study shows that social ties outside the neighborhood (i.e., a type of bridging social 419 capital) were associated with better self-rated health because they indicate good access to a 420 greater diversity of resources (Moore et al., 2011) . However, Bassett and Moore (2013) reported 421 that people with social ties spanning both neighborhood and non-neighborhood locations (i.e., a 422 type of bonding and bridging social capital) had greater likelihood of depressive symptoms 423 compared with those with neighborhood ties only. This difference in associations may be due to 424 fundamental differences in the selected outcome. The current study could contribute to better 425 understanding of the specific linkage between bonding/bridging social capital and depressive 426
mood. 427
This study has some limitations. First, further examination of the validity and 428 reliability of the measurements for bonding and bridging social capital would be useful. We 429 cannot rule out the possibility that these items are double-barreled and over-simplified. For 430 example, we measured homogeneous and heterogeneous network in terms of 431 sociodemographics including age, gender, and SES in a single item. The items have a strength 432 in that bonding and bridging social capital can be captured easily. However, we cannot identify 433 what kinds of homogeneity/heterogeneity the respondents' network had (i.e., age, gender, or 434 SES). This study's findings should be carefully interpreted and more robust items concerning 435 bonding and bridging social capital should be developed (e.g., using multiple items for them). 436 We also need to ask some questions to examine whether age, gender, and SES are sufficient 437 components of social characteristics in measuring bonding and bridging social capital. Marital 438 status or family structure, because it has been increasingly changing in Japan, may be another 439 sociodemographic component (Rindfuss, Choe, Bumpass, & Tsuya, 2004 a Proportion was calculated from the number of respondents indicating that they "agree" or "somewhat agree" with the statement and the total number of respondents to each question. Gender, age, marital status, years of residence in the neighborhood, education, annual household income, smoking, body mass index, comorbidities, basic activities of daily living and higher-order competence of independence at the individual level, and population size and aging rate at the neighborhood level were adjusted for in all models. a Neighborhood-level social capital is defined as the proportion of people with a stronger homogeneous network (bonding social capital), stronger heterogeneous network (bridging social capital), or stronger general trust within the neighborhood. ORs associated with a change of one standard deviation in each neighborhood-level social capital are shown. 
